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Abstract：In order to study the effects of low⁃pressure environment on laser lift⁃off process，the experiment that a GaN/sap⁃
phire sample was irradiated by an excimer laser lift⁃off system in different pressure was carried out，and then the decomposition
depth of the sample was measured with a profilometer. The results show that the decomposition depth of GaN in low pressure is
increased by 10.2%，19.0% and 24.3% which corresponds to the number of pulses of 10，20 and 30. One⁃dimensional heat flow
model of GaN/sapphire structure irradiated by laser was established. The temperature field in GaN was calculated and analyzed.
The decomposition depth of GaN in different pressure was obtained. The theoretical calculation result is consistent with the ex⁃
perimental result. It indicates that the efficiency of laser lift⁃off in low pressure environment is higher than that in ordinary pres⁃
sureenvironment.
































ΔG =GGa( )l + 12GN2( )g -GGaN( )s （1）

























ln p = 32.641 4 - 37 949.001 7T -1 + 22 973.298T -2
（4）
当T>700 K时：
ln p = 32.641 4 - 37 946.833 7T -1 - 14 313.206 6T -2
（5）
由式（4）、式（5）可得：当P=1.013 25 bar时，也就是







∂T∂t = ατρCp I ( )z, t +
1
ρCp
∂∂z æè öøk∂T∂z （6）






I ( )z, t = I0( )t ( )1 -R e-αz （7）
式中：I0（t）是脉冲激光功率密度；R是界面反射率。
初始条件：
T | t = 0 = T0 （8）
边界条件：
∂T∂z | z = 0 = 0， ∂T∂z | z = L→∞ = 0 （9）
采用格林函数求解，可得GaN材料内的温度场分布
为：





















2 - z( )1 - erf ( )z
误差函数：
erf ( )z = ( )2 π ∫0z( )-ξ2 dξ，Kd = kρCp
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∂z2 = 0 （11）
初始条件：T | t = τ0 = Tτ0 ，
边界条件：∂T∂z | z = 0 = 0 ，∂T∂z | z = L→∞ = 0
因此，脉冲作用时间过后，GaN材料内的温度场分
布为：































2 Kd( )t - τ0
（12）



































































370 mJ/cm2，脉冲频率为 1 Hz，之后利用台阶仪测量样
品在不同条件下的分解深度，得知相比常压环境，GaN
材料在低压环境下分解更深，低压下GaN分解深度在脉
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